Abstract: Ionic liquids such as 1,3-dialkylimidazolium bromides and make excellent solvents for N-alkylation of heterocyclic compounds such as saccharin and rhodanine with trialkyl phosphites in the presence of dialkyl acetylenedicarboxylates.
Introduction
Ionic liquids (ILs) have attracted considerable attention in recent years due to their unique properties, such as lack of measurable vapor pressure, non-flammability and recyclability 1 . Their high polarity and ability to dissolve both inorganic and organic materials can result in enhanced rates of chemical processes and can provide higher/different selectivities compared to conventional solvents. Thus, as a result of their 'green' credentials and potential to enhance rate and selectivity 2, 3 , ILs have been used as solvents in chemical transformations. However, the ability of ILs to serve as catalysts 4 and reagents 5 has not been explored to any great extent 6, 7 . N-Substitution and benzene moiety functionalization are significant components of the strategic approach to the saccharin ring system. Various methods of N-alkylation of saccharin sodium have already been developed, using either conventional heating or microwave irradiation in dry media and in dimethylformamide (DMF) [8] [9] [10] [11] . The anionic form of saccharin is ambifunctional, so the saccharin anion may react via the nitrogen or the oxygen in a nucleophilic reaction, depending on such factors as temperature, the electrophile used, the cation, and the solvent. A major distinction to be made for nucleophilic reactions with ambident anions is whether they proceed under kinetic or thermodynamic control. Alkylation at the more electronegative atom of an ambident ion generally increases with SN1 character of the reaction; however, alkyl halides ordinarily react at the less electronegative nitrogen atom to form N-substituted saccharins, which are the thermodynamically more stable products 12 . The N-alkylation of heterocyclic compounds bearing an acidic hydrogen atom attached to nitrogen is generally accomplished by treatment of these compounds with an appropriate base (sodium hydroxide or amide, metaloorganic compounds) followed by treatment of the resulting salts with an alkylating agent 13 . All these procedures require strictly anhydrous conditions and use of strongly ionizing solvents 14 . The problems in the reported protocols such as prolonged reaction time, poor yields, use of hazardous solvents, and industrially impracticable microwave heating prompted us to develop a convenient, three-component, one-pot environmentally acceptable method for N-alkylation of heterocyclic compounds such as saccharin and rhodanine with trialkyl phosphites in the presence of dialkyl acetylenedicarboxylates.
Experimental
Melting points were determined with an Electrothermal 9100 apparatus. Elemental analyses were performed using a Costech ECS 4010 CHNS-O analyzer at analytical laboratory of Islamic Azad University yazd branch. 1 H, 13 C and spectra were recorded on BRUKER DRX-500 AVANCE spectrometer in CDCl 3 using TMS as internal standard. The chemicals used in this work were purchased from Fluka (Buchs, Switzerland) and were used without further purification.
General Procedure for Preparation of Compounds (4a-f)
An equimolar mixture of trialkyl phosphite and saccharin was dissolved in ionic liquid (1 g) and the solution was stirred for 5 min at 100°C. Then was added dropwise a mixture of dialkyl acetylenedicarboxylate and the reaction content was allowded to stir at 100°C for 8 h. The progress of the reaction was monitored by thin-layer chromatography (TLC). After completion of the reaction, the reaction mixture was cooled at room temperature and poured into ice water. The solid precipitated was filtered and dried. The purity of the products was confirmed by TLC.
Recovery of the Ionic Liquid
An attempt was made to recover the ionic liquid. After completion of the reaction, the reaction mixture was poured on ice water, and the product was filtered off. The filtrate was extracted with ethyl acetate to recover unreacted reactants, and the aqueous layer was subjected to evaporation of water to get viscous liquid, which on cooling gave the ionic liquid. The recovered ionic liquid was reused for two more cycles of the same cyclocondensation and found to act satisfactorily. 
2-Methyl
-1,1-dioxo-1,2-dihydro-1lambda*6*-benzo[d]isothiazol
3-Methyl -2-thioxo-thiazolidin-4-one(4d)
Yield
3-Ethyl -2-thioxo-thiazolidin-4-one(4e)
3-Butyl-2-thioxo-thiazolidin-4-one(4f)
Results and Discussion
The reaction of DAAD 3 with trialkyl phosphite 2 in the presence of saccharin or rhodanine 1 in ILs as solvent leds to rapid N-alkylation of those in high yields (Figure 1) . When saccharin or rhodanine was added to trialkyl phosphites in the absence of dialkyl acetylenedicarboxylate, no product was detected. Products 4a-f was all new compounds and their structures were deduced from their elemental analyses and spectral data. The 1 HNMR spectrum of compound 4a displayed one singlet at 3.26 ppm for methyl group. Aromatic protons resonate between 7.81 and 8.07 ppm as multiplets. The 13 C NMR spectrum of compound 4a showed eight distinct resonances in agreement with the proposed structure. The structural assignments made on the basis of the NMR spectra of compound 4a were supported by its IR spectrum, the amid carbonyl groups exhibited strong absorption bands at 1734 cm Although we have not yet established the mechanism of the reaction between trialkyl phosphites and acetylenes in the presence of saccharin or rhodanine in an experimental manner, a plausible explanation is proposed in Figure 2 . On the basis of the well established chemistry of phosphorus nucleophiles [15] [16] [17] [18] [19] [20] , it is reasonable to assume that compounds 4a result from initial addition of trimethyl phosphite to the activated acetylene and subsequent protonation of the reactive 1:1 adduct by saccharin, followed by attack of anion 5 at the methyl group of the cation 6 to generate 4a. The present method carries the advantage that, not only is the reaction performed under neutral conditions, but the educts can be mixed without any activation or modification.
Conclusion
In summary, we report herein that Ionic liquids such as 1, 3-dialkylimidazolium bromides and make excellent solvents for N-alkylation of heterocyclic compounds such as saccharin and rhodanine with trialkyl phosphites in the presence of dialkyl acetylenedicarboxylates in high yields. 
